Introduction
Hepatocellular carcinoma (HCC) is a hypervascular tumor. Abundant and tortuous blood vessels distinguish HCC from benign lesions in angiography.(1) Alpha-fetoprotein (AFP) has been used for many years as a serum marker for HCC diagnosis and screening (2, 3) , however, in some cases, AFP has poor speciicity in the detection of HCC (4, 5) . As the result, patients who have liver cirrhosis (LC) need regular examination by abdominal ultrasound and measurement of tumor markers for HCC screening. Since patients with hepatitis B virus (HBV)-or hepatitis C virus (HCV)-related LC are considered high risk, they should be screened every 3-4 months.
Extensive hypervascularity associated with HCC is thought to be driven in part by the pro-angiogenic factor known as vascular endothelial growth factor (VEGF). (6,7) Furthermore, invasiveness of certain HCC lesions has recently been linked to high levels of VEGF. This leads to a conclusion that there is an important relationship between VEGF and prognosis of HCC. (8, 9 ) VEGF, a 34-46 kDa glycoprotein, has ive molecular isoforms generated by alternative splicing of VEGF mRNA. (10) They are 206, 189, 165, 145, and 121 amino acid residues. VEGF121 and VEGF165 are both secreted into the circulation, but VEGF165 is the predominant isoform secreted by most tumors including HCC.(11) Other isoforms do not enter the circulation in a signiicant amount, because they are either bound to the extracellular matrix (ECM) (VEGF145) or not secreted (VEGF189 and VEGF206).(12) VEGF mediates the secretion and activation of enzymes involved in degrading the ECM. Acting on endothelial cells, VEGF induces expression of plasminogen activator and its inhibitor, urokinase receptor, matrix metalloproteinase, interstitial collagenase and gelatinase A. VEGF also decreases the levels of tissue inhibitors of metalloproteinases 1 and 2.(13) Furthermore, it acts as a survival factor for endothelial cells through inhibition of apoptosis and is essential for mobilization of bone marrow-derived endothelial cell precursors in the promotion of vascularization.(14) VEGF production is upregulated by several substances, including oxygen, steroid hormone, reactive oxygen metabolites and protein kinase C agonists. (15) (20) Conlicting data, however, have emerged regarding the ability of VEGF to predict disease progression and overall survival in HCC. This may be related to differences in the methods of measuring and reporting quantitative VEGF measurements. The three most commonly used methods are serum-based VEGF quantitation using enzyme-linked immunosorbent assay, tissue-based semi-quantitative VEGF immunohistochemistry, and tissue-based mRNA measurement. (6) One argument against the use of serum VEGF is the confounding role of platelets, which have been reported to release VEGF into the blood. (21, 22) It was found that serum VEGF alone correlated with hepatic tissue VEGF, suggesting that serum VEGF is a useful indirect marker of tumor levels. (12) In recent study, the intraplatelet levels of some angiogenic proteins were reported elevated in cirrhosis, but did not discriminate between patients with and without HCC. (23) Thus, intraplatelet levels of angiogenic proteins seem unuseful as diagnostic or prognostic biomarkers of HCC in cirrhotic patients.
The aim of this study was to explore the clinical signiicance of circulating VEGF levels in LC and HCC.
Study Design and Sample Collection
An analytical cross sectional study was designed. Diagnosis of HCC and LC was performed using clinical criteria and indings obtained from B-mode ultrasonography (USG), computed tomography (CT) angiography, or magnetic resonance imaging (MRI). Clinical data including number of nodule and tumor size, were collected. This study protocol was approved by the Health Research Ethics Committee, Faculty of Medicine, Hasanuddin University, Makassar, Indonesia.
Sample Preparation
Blood were collected intravenously from all subjects. Further process was conducted to obtain serum and plasma. Samples were stored in -80°C for further following analyses: hepatitis B surface antigen (HBSAg), HCV, alanine aminotransferase (ALT), total bilirubin, albumin, VEGF and AFP.
HBSAg, HCV, Total Bilirubin and Albumin Assays
HBSAg was measured with chemiluminescence microparticle immunoassay (CMIA) using Architect HBsAg assay (Abbott Laboratories, Abbott Park, IL, USA). HCV was measured with enzyme immunoassays (EIA) method using ABBOTT HCV EIA 2.0 (Abbott Laboratories). ALT was measured based on oxidation of NADH to NAD using Activated Alanine Amintransferase (Abbott Laboratories). Total Bilirubin was measured with Diazonium Salt method using Total Bilirubin (Abbott Laboratories). Albumin was measured Bromcresol Purple method using Albumin BCP (Abbott Laboratories). This kit is designed for the quantitative measurement of AFP levels. Briely, an AFP speciic antibody were precoated onto 96-well plates and blocked. Standards or test samples were added to the wells and subsequently an AFP speciic biotinylated detection antibody was added.
VEGF Enzyme-linked Immunosorbent Assay (ELISA)
Streptavidin-peroxidase complex is added visualized by 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate. TMB was catalyzed by the complex to produce a blue color product that changes into yellow after adding acidic stop solution. The density of yellow coloration is directly proportional to the amount of alpha Fetoprotein captured in plate. The absorbance was read on a microplate reader at a wavelength of 450 nm.
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY, USA). Receiver operating characteristic (ROC) curves were drawn in order to determine the best cut-off value of serum VEGF and to compare the accuracy of AFP with that of VEGF. A probability less than 0.05 was considered signiicant. Our ELISA results showed that mean of VEGF level in HCC group was 852.29 pg/mL while in LC group was 359.24 pg/mL (Table 2, Figure 1) . Mean of AFP level in found in HCC patients. On the other hand, higher levels of Albumin was found in LC patients. There were signiicant differences in ALT, Total Bilirubin and Albumin levels between LC and HCC groups (Table 1) .
Discussion
Receiver Operating Characteristic (ROC) and area under curve (AUC) were used to calculate sensitivity and speciicity of VEGF and AFP levels to distinguish HCC from LC groups (Figure 3) . The calculation were performed using the median value of VEGF and AFP levels of HCC and LC groups. The median for VEGF level in LC group was 80.976 pg/mL, and in HCC group was 435.970 pg/mL. The median AFP level in LC group was 6.8 ng/mL, and in HCC group was 28.0 ng/mL. The AUC for VEGF level in HCC and LC groups was 0.771. The AUC for AFP level was 0.728. In the level of median 435.6 pg/mL VEGF, the sensitivity was 50% and speciicity was 86%. In the level of 199.99 pg/mL VEGF the sensitivity was 74% and speciicity was 76%. In the level of AFP 21.5 ng/mL the sensitivity was 54% and speciicity was 92%. In the level of AFP 96.00 ng/ mL the sensitivity was 32% and speciicity was 100%.
VEGF plays an important role in angiogenesis of many cancers. It has been reported that circulating VEGF is There was a signiicant positive correlation (p=0.029, r=0.309) between VEGF level and tumor size in HCC group. However, There was not any signiicant correlation between VEGF level with age, HBSAg, HCV, ALT, bilirubin, albumin, and number of nodule (Table 3) .
HCC group was 4,167.42 ng/mL while in LC group was 9.30 ng/mL ( leading to tumor progression, therefore oxygen tension plays a major role in VEGF expression. (34, 35) In present study, there was signiicant difference of VEGF levels between HCC and the LC groups. There was also a signiicant positive correlation between the VEGF level and tumor size. Zhao, et al. (36) and Kamel, et al.(37) also reported that there was a positive correlation between VEGF level and tumor size. Other investigators reported that higher VEGF expression in small HCC and suggested that VEGF plays its most important role in a relatively early stage of angiogenesis. (38, 39) Angiogenesis plays an important role in the development and progression of HCC and other tumors. (40) The relation between tumor size and VEGF expression might be complex and dynamic since HCC has different vascular growth patterns. (40, 41) In regard to the other tumor markers, it was reported that AFP is produced due to de-differentiation of cancer cells (42) ; AFP-L3 becomes detectable due to increased fucosylation of AFP due to increased Guanosine diphosphate (GDP)-fucose activity related to upregulation of the FX gene expression in HCC cells (43) ; and DCP increases because of the low vitamin K concentration and hypoxia around HCC cells (44) (45) (46) . This suggests that the measurement of VEGF level is linking directly to the proliferation of HCC, while other markers indirectly detect the tumor.
The accuracy of the test depends on how well the test separates the group being tested into those with and without the disease. Accuracy is measured by the area under the ROC curve. An area of 1 represents a perfect test; an area of 0.5 represents a worthless test. The AUC for VEGF level in HCC and LC groups was 0.771 which show that the VEGF level in HCC group is different from the VEGF level in LC group.
Kim, et al. (47) in their study comparing AFP in HCC with liver cirhosis to HCC without liver cirhosis, they found that in the level of AFP ≥20 ng/mL the sensitivity was 72.7% and speciicity was 59.7% and in the level of AFP ≥100 ng/mL mL the sensitivity was 72.7% and speciicity was 59.7%. In the same way we calculated the sensitivity and speciicity of AFP. The AUC of AFP was 0.728. At the same speciicity of 92%, the sensitivity for VEGF was 46% for a VEGF level of >542.83 pg/mL. Based on VEGF level, we were able to distinguish HCC from LC, albeit less sensitive than serum AFP level. The present indings suggested that VEGF level could be a useful marker for the presence of HCC in patients with LC.
